In this paper, we discuss the possible effects of a temporary price discount offered by a supplier on a retailer's replenishment policy for timedependent deteriorating items with constant demand rate. The optimal ordered quantity of a special order policy for a selected case is obtained by maximizing the total cost saving between special and regular orders for the duration of the depletion time. An algorithm is exhibited to determine the optimal solution. Numerical examples are used to illustrate the theoretical results.
INTRODUCTION
In the past few decades, inventory problems for deteriorating items have been widely studied. Most of the physical goods deteriorate over time. In reality, some of the items either decayed or deteriorated or damaged or vaporized or affected by some other factors and are not in a perfect condition to satisfy the demand. Food items, grains, vegetables, fruits, drugs, pharmaceuticals, radioactive substances, fashion goods and electronic substances are a few examples of such items in which sufficient deterioration can take place during the normal storage period of the units and consequently this loss must be taken into account when analyzing the system. Therefore, the loss due to deterioration cannot be neglected.
The deterioration rate of inventory in stock during the storage period constitutes an important factor, which has attracted the researchers. Whitin (1957) is the first author who studied an inventory model for fashion goods deteriorating at the end of a prescribed storage period. An exponentially decaying inventory was developed by Ghare and Schrader (1963) . Emmons (1968) established a replenishment model for radioactive nuclide generators. Shah and Jaiswal (1977) established an order-level-inventory model for perishable items with a constant rate of deterioration. The deterioration occurs as soon as the retailer receives the commodities that have assumed in all inventory models for deteriorating items. As a result, while determining optimal replenishment order, the loss due to deterioration cannot be avoided. Ghare and Schrader [19] first established an EOQ model for exponentially-decaying items, for which there is constant demand. Later, Covert and Philip [22] [8] model and considered the circumstances in which shortage is allowed. A complete note on inventory literature for deteriorating inventory models was given by Goyal and Giri [30] and Raafat [7] .
In addition, when the supplier offers a temporary price discount to stimulate demand, increase market share and cash flow, it is important for the retailer to determine whether or not it is advantageous to place a special forward buying order. Several researchers have studied temporary price discounts and proposed various inventory models to gain deeper insight into the relationship between price discounts and order policy. Naddor [4] , Barker [20] , and Tersine [23] were the earliest researchers to propose inventory models in response to a temporary price discount where the special sale coincides with the replenishment time. Following this, Barker and Vilcassim [21] , Goyal [29] , Tersine [24] , and Silver et al. [6] studied situations where the special sale occurs during the retailer's sales period. Ardalan [1, 2] developed optimal order policies with possible combinations of replenishment time and sales periods. More research studying the response to a temporary sale price include Aull-Hyde [26] , Abad [18] , Bhaba and Mahmood [28] , Lev et al. [3] ,Tersine and Gengler [25] , Wee and Yu [11] , Chang and Dye [10] , Bhavin [13] and so on. In the above inventory literature, all researchers assumed that the price discount rate is independent of the special order quantity. However, in practical business situations, the supplier usually proposes a quantity discount to encourage larger orders. As a result, the retailer may trade off purchase price savings against higher total carrying cost.
As to the research considering quantity discounts, Lal and Staelin [27] presented a model of buyer reaction to seller pricing schemes which assumed special forms of discount price structure with multiple buyers and constant demands. Other recent studies related to the quantity discount recently included Shiue [35] , Burwell et. al. [32] , Wee [12] , Papachristos and Skouri [31] , etc. In recent years, many researchers have given considerable attention towards the situation where the demand rate is dependent on the level of the on-hand inventory. The assumption of constant demand rate is not always applicable to many inventory items such as fashionable clothes, electronic equipments, tasty foods etc. as they are fluctuated in the demand rate. Demand of a product may vary with time or price or ever with the instantaneous level of inventory displayed in a retail shop. With the progress of time, researchers developed inventory models with deteriorating items and timedependent demand rates. In this area, the work done by various authors (Ritchie [5] , Deb and Chaudhari [16] , Goel and Aggarwal [34] . Inventory models for deteriorating items with linearly trended demand and no shortage were considered by Dave and Patel [33] , Bahari-Kashani [9] , Chung and Ting [14] etc.
The purpose of this study is to develop a decision process to assist retailers in deciding whether to adopt a regular or special order policy. When the special order policy is selected at the retailer's replenishment time, the retailer's optimal special order quantity is determined by maximizing the total cost saving between special and regular orders during a special order period. The theoretical analysis is conducted and the results categorizing the optimal solutions.
NOTATIONS AND ASSUMPTIONS
The mathematical model is based on the following notations and assumptions. 
Notations :
Inventory level at time t when the special order policy is adopted,
The total cost per unit time.
Assumptions : (a)
The demand rate is known and constant. There is a no replacement or repair for deteriorated units during the period under consideration.
MATHEMATICAL FORMULATION
In this paper, the deterioration rate is linear time varying and the demand is constant. Hence the rate of change of inventory level is governed by the following differential equation:
Given the boundary condition 0 ) T ( I = , the solution of (1) may be represented by
Thus, the order quantity is given by
When the supplier does not offer the temporary price discount, the retailers follows the regular order policy with a unit purchasing cost c and hence the total cost per order cycle is the sum of the ordering cost, purchasing cost and holding cost, that is When the supplier offers a temporary price discount, the retailer may order a quantity greater than * Q to take advantage of the discount price. Alternatively, the retailer may ignore this discount and adopt a regular order policy. Here, we formulate the corresponding total cost saving function when the special order time occurs at the retailer's replenishment time.
If the retailer decides to adopt a special order policy and orders s Q units, the inventory level at time t is and the special order quantity is
As the price discount rate being dependent on the special order quantity, for the given price discount rate λ ι , the total cost of the special order during the time
On the other hand, if the retailer adopts regular order policy instead of placing a large special order policy, then the total cost during the time interval ] T , 0 [ s can be obtained by using the average cost approach which was asserted by Tersine [24] , and used by Goyal. The total cost of a regular order during the time interval
Comparing equation (10) with (11), for the fixed price discount rate i λ , the total cost saving can be formulated as follows (denoted by )) ( 
THEORETICAL RESULTS
In this section, the optimal value of T s that maximizes the total cost saving is determined. For the fixed price discount rate λ i , taking the first and second order derivatives of G 1i (T s ) in (12) with respect to T s , gives
It can be easily shown thatG 1i (T s 
Where
Again, substituting (15) into (12) the corresponding maximum total cost saving can be obtained as
It is worth placing a special order only if G 1i (T s1i )>0. Otherwise the retailer will adopt the regular order policy (i.e. the order quantity is
Then from the above arguments, we can obtain the optimal value of T s1i (denoted by To obtain the optimal solution, we can develop an algorithm as follows:
ALGORITHM:
Step 1 : Determine Step 3:
is the optimal solution and thus the optimal order quantity * 1K S Q can also be determined.
Step 4:
Stop.
NUMERICAL EXAMPLES
To validate the proposed model, let us consider following example. Example 1: Consider D=600 Rs, A=50 per order, c = 30 / unit, h= 1 unit/year, θ = 0.20/year. From the above data, the optimal solutions for the regular order quantity are T * = 0.0745 and Q* = 44.708. The price discount rate schedule offered by the supplier is tabulated in Table 1 . And using the algorithm, the solution produce and computational results are shown in " "→ denotes the maximum total cost saving. From Table 2 , we can see that the optimal order policy is as follows: 
CONCLUSION
This study investigated the possible effects of a temporary price discount offered by a supplier on a retailer's replenishment policy for time-dependent deteriorating items with demand rate. The purpose of this study is to determine the optimal special order quantity by maximizing the total cost saving between special and regular orders during the length of depletion time for the special order quantity. By analyzing the total cost saving under special and regular order policies, results were developed to characterize the optimal solution. Finally, the result shows that as we increase the price discount, the total cost saving increases. This research establishes an algorithm to determine the optimal solution and utilizes a numerical example to illustrate the theoretical results. The proposed model can be extended in several ways.
